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DEVELOPMENT OF A LIBS PORTABLE SYSTEM FOR SOIL ANALYSIS
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1. Introdução
2DJURQHJyFLREUDVLOHLURpUHVSRQViYHOSRUPDLVGHGR3,%3URGXWR,QWHUQR%UXWRGRSDtVH
GRVSURGXWRVYHQGLGRVHPRXWURVSDtVHV$OpPGLVVRpRVHWRUTXHPDLVFUHVFHQR%UDVLOVHQGRHVVHDXPHQWRGH
HPHPFRPSDUDomRDRVVHWRUHVGHVHUYLoRVHLQG~VWULDVHUHVSHFWLYDPHQWH0$3$PRV-
WUDQGRDUHVSRQVDELOLGDGHGHVVHVHWRUSDUDRFUHVFLPHQWRGR3,%QDFLRQDO1HVVHFUHVFLPHQWRRGHVHQYROYLPHQWR
DJURSHFXiULRGHYHDFRPSDQKDUDGHPDQGDQDFLRQDOHPXQGLDOGHIRUPDVXVWHQWiYHOGHVVDIRUPDKiQHFHVVLGDGH
GHFRQKHFLPHQWRVHWHFQRORJLDVTXHRWLPL]HPHWRUQHPPDLVH¿FLHQWHRSURFHVVRGHSURGXomRQRFDPSR8PUHOD-
WyULRGD218SUHYrTXHDSRSXODomRPXQGLDOGHYHUiDXPHQWDUDWpQHFHVVLWDQGRXUJHQWHPHQWH
GHVVDH¿FLrQFLDGRSURFHVVRTXHGHYHUiVHUDOFDQoDGDFRPDMXGDGDDJULFXOWXUDGHSUHFLVmR
1R GHVHQYROYLPHQWR GD DJULFXOWXUD GH SUHFLVmR FRQVWDQWHPHQWH EXVFDPVH QRYDVPHWRGRORJLDV SDUD
DQiOLVHVTXHVHMDPPDLVUiSLGDVTXHQmRGHPDQGHPSUHSDUDomRGRDPELHQWHHFRORJLFDPHQWHIDYRUiYHLVVHPD
JHUDomRGHUHVtGXRVGHFXVWRPDLVDFHVVtYHOHDSOLFiYHODXPDJUDQGHYDULHGDGHGHHOHPHQWRV&RPRFRQVWDQWH
GHVHQYROYLPHQWRGDWHFQRORJLDDSRVVLELOLGDGHGHVVDVDQiOLVHVVHUHPUHDOL]DGDVin situ DXPHQWDDFDGDGLDVHQGR
TXHDOJXQVPpWRGRVDQDOtWLFRVWrPVHWRUQDGRLQWHUHVVDQWHVTXDQGRFRPSDUDGRVFRPPpWRGRVWUDGLFLRQDLVHQFRQ-
WUDGRVQDOLWHUDWXUD(QWUHHVVDVWpFQLFDVGHVWDFDVHD(VSHFWURVFRSLDGH(PLVVmRHP3ODVPD,QGX]LGRSRU/DVHU
GRLQJOrVLaser Induced Breakdown Spectroscopy/,%6TXHWHPDSRVVLELOLGDGHGHUHDOL]DUPHGLGDVTXDOLWDWL-
YDVHHPDOJXQVFDVRVTXDQWLWDWLYDVGHQXWULHQWHVPHWDLVSHVDGRVHGHFDUERQRHPDPRVWUDVGHVRORV3DVTXLQLHW
DO&UHPHUVHWDO)HUUHLUDHWDO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/,%6pXPDWpFQLFDDQDOtWLFDQDTXDOXPODVHUSXOVDGRGHDOWDLUUDGLkQFLDpIRFDOL]DGRVREUHDVXSHUItFLH
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PHQWHD+VRSODVPDTXHHVWiVHH[SDQGLGRVHUHVIULDaD.PRPHQWRHPTXHRFRUUHDHPLVVmR
GHUDGLDo}HVFDUDFWHUtVWLFDVGRVHOHPHQWRVFRQVWLWXLQWHVGRPDWHULDO3DVTXLQLHWDO2WHPSRWRWDOHQWUHR
GLVSDURGRODVHUHDDTXLVLomRGRVGDGRVpEHPLQIHULRUDVHJXQGRRTXHJDUDQWHDYDQWDJHPGDWpFQLFDDYDOLDU
HPWHPSRUHDODFRPSRVLomRHOHPHQWDUGHXPPDWHULDO$OpPGLVVRRPDWHULDOSDUDDQiOLVHQHFHVVLWDDSHQDVGH
SRXFRRXTXDVHQHQKXPDSUHSDUDomRGLVSHQVDQGRRXVRGHUHDJHQWHVTXtPLFRVQHVVHSUHSDUR
8PDWtSLFDPRQWDJHPGHXPHVSHFWU{PHWUR/,%6pIRUPDGDEDVLFDPHQWHSRUXPODVHUGHDOWDLUUDGLkQFLD
FRQMXQWRGHOHQWHVSDUDIRFDOL]DomRGRODVHUHFROHWDGDVHPLVV}HVGRSODVPD¿EUDyWLFDSDUDFRQGXomRGDVHPLV-
V}HVDXPHVSHFWU{PHWURHXPFRPSXWDGRUSDUDDTXLVLomRHWUDWDPHQWRGRVGDGRV&RPRDYDQoRGDWHFQRORJLD
ODVHUVGHDOWDSRWrQFLDHHVSHFWU{PHWURVGHDOWDUHVROXomRGHWDPDQKRVUHGX]LGRVFRPEDL[RFRQVXPRHQHUJpWLFRMi
VmRUHDOLGDGH6HQGRDVVLPRREMHWLYRGHVVHWUDEDOKRIRLGHVHQYROYHUXPVLVWHPD/,%6SRUWiWLOSDUDVHUHPEDUFDGR
HPXPURE{SDUDDQiOLVHVGLUHWDVHPFDPSR(VVHVLVWHPDYLVDPDSHDUGHWHUPLQDGRVFRPSRVWRVGRVRORGHXPDUH-
JLmRLQGLFDQGRSRUH[HPSORTXDLVRVQXWULHQWHVHPFDGDUHJLmRHDVXDTXDQWLGDGHFRPSUHFLVmRGHFHQWtPHWURV
2. Materiais e Métodos
3DUDDFRQVWUXomRGRVLVWHPD/,%6SRUWiWLOIRLQHFHVViULDDHVFROKDGHHTXLSDPHQWRVFRPEDL[RFRQVXPR
GHHQHUJLDSDUDYLDELOL]DURVHXXVRFRPRSRUWiWLO2VLVWHPDIRLFRQVWUXtGRFRPXPODVHUPRGHOR0.GD
HPSUHVD.LJUHGH1G<$*SXOVDGR4VZLWFKHGHPLWLQGRHPQPFRPHQHUJLDGHSLFRGHP-GXUDomR
GHSXOVRGHQVHFRPXPDWD[DGHUHSHWLomRGH+]$DOLPHQWDomRGHVVHODVHUTXHFRQVRPHDSHQDVP$
pUHDOL]DGDSRUXPDEDWHULDGH92HVSHFWU{PHWURXWLOL]DGRPRGHOR(33/5GDHPSUHVD6WHOODU1HW,QF
SRVVXLGHWHFWRU&&'GHSL[HOVFRPIDL[DHVSHFWUDOGHDQPHFRPUHVROXomRyWLFDGHQP$
DOLPHQWDomRGRHVSHFWU{PHWURpUHDOL]DGDFRPXPDEDWHULDGH9FRQVXPLQGRDSHQDVP$
3DUDTXHVHMDYLiYHODDQiOLVHHPFDPSRWRGRVRVFRPSRQHQWHVGRVLVWHPD/,%6GHYHP¿FDUDXPDDOWXUD
UD]RiYHOGRVRORSDUDTXHQHQKXPFKRTXHRFRUUDGXUDQWHDPRYLPHQWDomRHRXDQiOLVHHSDUDTXHQmRDFXPXOH
VXMHLUDQRVHOHPHQWRVyWLFRVRTXHGLPLQXLULDDVXDSHUIRUPDQFH3RUWDQWRDFRSODUHDMXVWDURVLVWHPDGHOHQWHV
GHFROHWDTXHVmRRVHOHPHQWRVPDLVSUy[LPRVDRVRORpXPGRVPDLRUHVGHVD¿RVGRSURMHWR(VVHVLVWHPDIRL
GHVHQYROYLGRGHIRUPDTXHRVHXSULPHLURHOHPHQWR¿TXHDXPDGLVWkQFLDGHFPGRVROR
3DUDOHODPHQWHIRLGHVHQYROYLGRXPVLVWHPDGHFRQWUROHUHPRWRFRPXPPLQLFRPSXWDGRUSDUDDDTXLVLomR
GRVGDGRVFRPGLPHQV}HVGHXPFDUWmRGHFUpGLWRUHGX]LQGRGUDVWLFDPHQWHDVGLPHQV}HVGRVLVWHPDGH/,%6
3RUWiWLO2VLVWHPDIRLVHSDUDGRHPGXDVUHJL}HVSDUDIDFLOLWDUDLQVHUomRQRURE{8PDUHJLmRFRQWpPRPLQLFRP-
SXWDGRUOHQWHVGHIRFDOL]DomRHGHFROHWDODVHUHFRQWURODGRUGRODVHUFRPGLPHQV}HVGH[[PPHD
RXWUDFRQWHQGRDIRQWHGRODVHURHVSHFWU{PHWURHDVDOLPHQWDo}HVFRP[[PP(VVHVLVWHPDDFRSODGR
DRURE{VHUiDSUHVHQWDGRGXUDQWHR6,$*52FRPXPDGHPRQVWUDomRDRYLYR
3. Resultados e Discussão
3DUDRGHVHQYROYLPHQWRGRVLVWHPD/,%6SRUWiWLODFRQVWUXomRIRLGLYLGLGDHPGXDVHWDSDV1DSULPHLUD
IRLUHDOL]DGDXPDPRQWDJHPSDUFLDOGRVLVWHPDSRUWiWLOSRLVIRLXWLOL]DGDD¿EUDyWLFDFROHWRUDFRORFDGDGLUHWDPHQ-
WHQDUHJLmRGRSODVPDIRUPDGR(VVDHWDSDSUHFLVRXVHUUHDOL]DGDSRLVWDQWRDGLVWkQFLDGDFROHWDGDVUDGLDo}HV
GRSODVPDFRPRDLUUDGLkQFLDGRODVHULQÀXHQFLDPQRHVSHFWUR¿QDO6HQGRDVVLPHVVDPRQWDJHPIRLXWLOL]DGD
SDUDDOLQKDURVLVWHPDGHOHQWHGHIRFDOL]DomRHGHWHUPLQDUDH¿FLrQFLDGRODVHUQRVLVWHPD/,%63DUDWDOWHVWH
IRLXWLOL]DGDXPDFKDSDGHDOXPtQLRFRPRDPRVWUDHREWLGRRHVSHFWURDSUHVHQWDGRSHODOLQKDSUHWDQD)LJXUD2
HVSHFWURGD)LJXUDPRVWUDRVSLFRVFDUDFWHUtVWLFRVGDVWUDQVLo}HVGRDOXPtQLRFRPERDUHODomRVLQDOUXtGR6HQGR
DVVLPRVLVWHPD¿FRXLQLFLDOPHQWHFRQ¿JXUDGRHIRUDP¿[DGRVWRGRVRVHOHPHQWRVyWLFRVPHFkQLFRVDOLQKDGRV
$VHJXQGDHWDSDGRGHVHQYROYLPHQWRGRVLVWHPD/,%6SRUWiWLOIRLDVXEVWLWXLomRGD¿EUDyWLFDTXHHVWDYD
GLVSRVWDGHWDOIRUPDDFROHWDUGLUHWDPHQWHDUDGLDomRGRSODVPDJHUDGRSDUDXPVLVWHPDGHOHQWHVSDUDDTXLVLomR
jGLVWkQFLDVHQGRSRVVtYHODFROHWDGDOX]GRSODVPDDXPDGLVWkQFLDVHJXUDVHPTXHRVLVWHPDGHGHWHFomRIRVVH
GDQL¿FDGR$WUDYpVGHVVHQRYRVLVWHPDDV OHQWHVGHFROHWD IRUDPFDOLEUDGDVSDUDXPDUHVSRVWDPDLVSUy[LPD
SRVVtYHOGRREWLGRSHOD¿EUDyWLFDGLUHWDQRSODVPD2HVSHFWURREWLGRSDUDHVVHQRYRVLVWHPDpDSUHVHQWDGRHP
YHUPHOKRQD)LJXUD2QRYRVLVWHPDGHOHQWHVGHFROHWDGHVHQYROYLGRDSUHVHQWDXPDyWLPDUHVSRVWDHTXLSDUiYHO
DRVLVWHPDFRPD¿EUDGLUHWDHIRL¿[DGRQRVLVWHPDSRUWiWLO
&RPRVLVWHPDSRUWiWLOSUHYLDPHQWHPRQWDGRHDMXVWDGRSDUDVHUHPEDUFDGRQRURE{DXPDGLVWkQFLDGH
FPHQWUHRVLVWHPDGHOHQWHFROHWRUDHDDPRVWUDIRUDPUHDOL]DGDVPHGLGDVSDUDGLIHUHQWHVWLSRVGHDPRVWUDV
$)LJXUDDSUHVHQWDRHVSHFWUR/,%6REWLGRSHORVLVWHPDSRUWiWLOHPSDVWLOKDVGH.%UDSUHVHQWDQGRQRYDPHQWH
XPDERDUHODomRVLQDOUXtGRFRPRVSLFRVGRSRWiVVLREHPGH¿QLGRV
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)LJXUD(VSHFWURGHXPDFKDSDGHDOXPtQLR
REWLGRSHORVLVWHPD/,%6SRUWiWLO
)LJXUD(VSHFWUR/,%6GDSDVWLOKDGH.%U
REWLGDSHORVLVWHPDSRUWiWLO
(VVDVPHGLGDVGH.VmRLQWHUHVVDQWHVGRSRQWRGHYLVWDGDDQiOLVHGHIHUWLOL]DQWHVHPVRORVSRGHQGRDVVLP
TXDQWL¿FiORVHGHVFREULUUHJL}HVFRPPDLRUGH¿FLrQFLDTXHRXWUDV$WXDOPHQWHDVDQiOLVHVGRVRORVmRUHDOL]DGDV
FRPDPRVWUDVFRPSRVWDVGHDSRQWRVHPXPWDOKmRFROHWDGDVDOHDWRULDPHQWH3DUDTXDQWL¿FDomRHOHPHQWDU
DVDPRVWUDVVmRWUDWDGDVFRPUHDJHQWHVTXtPLFRVTXHQR¿QDOGDDQiOLVHJHUDPUHVtGXRV$VVLPDVDQiOLVHVGHVROR
UHDOL]DGDVGHVVDIRUPDUHSUHVHQWDPDPpGLDGHXPDiUHDJUDQGHHQmRDKHWHURJHQHLGDGHGRWHUUHQR
O sistema portátil desenvolvido permite realizar medidas in situFRPGLVWkQFLDVPDLVUHGX]LGDVHQWUHRV
SRQWRVSRUH[HPSORDFDGDPHWUR$VVLPRVLVWHPDGHVHQYROYLGRSRGHJHUDUPDSDVGHQXWULHQWHVGHXPWHUUHQR
FRPUHVROXo}HVPHOKRUHVHRWLPL]DUDDSOLFDomRGHIHUWLOL]DQWHUHGX]LQGRRGHVSHUGtFLRHSROXLomRHDXPHQWDQGR
DSURGXWLYLGDGH
&RPRRSULQFLSDOREMHWLYRGHVWHWUDEDOKRpDDQiOLVHGHVRORVin situVHPSUHSDURWHVWDPRVRVLVWHPD/,%6
SRUWiWLOGHVHQYROYLGRSDUDDQDOLVDUXPDDPRVWUDGHVRORLQGHIRUPDGDGD)D]HQGD&DQFKLP(PEUDSD3HFXiULD6X-
GHVWH6mR&DUORV63$)LJXUDDSUHVHQWDRHVSHFWURREWLGRFRPRVLVWHPDGHVHQYROYLGR1RHVSHFWURGD)LJXUD
SRGHPRVREVHUYDUDERDUHVROXomRGRVSLFRVUHIHUHQWHVDYiULRVHOHPHQWRV&RPHVVDWpFQLFDpSRVVtYHOREVHUYDU
VHQRVRORKiFRQWDPLQDomRGHYLGRDDOJXPHOHPHQWRDWUDYpVGHXPDDQiOLVHTXDOLWDWLYDQRHVSHFWURHWDPEpP
SRGHVHUUHDOL]DGDXPDDQiOLVHTXDQWLWDWLYDUHDOL]DQGRRDMXVWHGDOLQKDUHIHUHQWHjVXDHPLVVmR(VVHVRIWZDUHMi
HVWiHPGHVHQYROYLPHQWRHVHUiDGLFLRQDGRDRPLFURFRPSXWDGRUSDUDXPDSUpDQiOLVHDRPHVPRWHPSRHPTXH
DVPHGLGDVQRVVRORVmRUHDOL]DGDV$VVLPTXDOTXHUGH¿FLrQFLDVLJQL¿FDWLYDHQFRQWUDGDGXUDQWHDSUpDQiOLVHRV
GDGRVSRGHPVHUHQYLDGRVLPHGLDWDPHQWHSDUDTXHRVSUREOHPDVVHMDPUHVROYLGRV
4. Conclusões
2GHVHQYROYLPHQWRGRVLVWHPD/,%6SRUWiWLOREWHYH UHVXOWDGRVSURPLVVRUHV2VLVWHPDGH OHQWHVSDUD
FROHWDGRSODVPDTXHVHULDXPGRVPDLRUHVSUREOHPDVQRGHVHQYROYLPHQWRWHYHXPUHVXOWDGRH[FHOHQWH¿FDQGR
VHPHOKDQWHDRWHVWHGHDTXLVLomRFRPD¿EUDyWLFDGLUHWDQRSODVPD$DQiOLVHGDSDVWLOKDGH.%UDSUHVHQWRXRV
SLFRVFDUDFWHUtVWLFRVGRSRWiVVLRFRPJUDQGHUHODomRVLQDOUXtGRPRVWUDQGRDYLDELOLGDGHGHDQiOLVHGHIHUWLOL]DQ-
WHVHQXWULHQWHVQRVROR2UHVXOWDGRPDLVLPSRUWDQWHIRLDUHDOL]DomRGDPHGLGDGHDPRVWUDVGHVRORVHPQHQKXP
WUDWDPHQWRFRPRVHWLYHVVHPVLGRUHDOL]DGDVGLUHWDPHQWHQRVRORREWHQGRWDPEpPERDUHODomRVLQDOUXtGRUH-
IRUoDQGRH[SOLFLWDPHQWHDXWLOL]DomRGHVVHVLVWHPDGLUHWDPHQWHQRSODQWLRDFRSODGRDXPURE{
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